Experiments were done to
The olfactory cortex receives a bundle of nerve fibers, called lateral olfactory tract (LOT), which originate in the olfactory bulb and run on the surface of the cortex (SHEPHERD, 1974) . These fibers send many branches to the neurons of the olfactory cortex and make excitatory synapses with most distal portions of their dendrites. Electric stimulation of the LOT was found, in experiments made in vivo (HABERLY, 1973a, b) as well as in vitro (YAMAMOTO and MCILWAIN, 1966; RICHARDS and SERCOMBE, 1968) , to induce potential activities representing action potentials of the LOT and excitatory postsynaptic potentials (EPSPs) generated in the dendrites of cortical neurons. Recently, PICKLES and SIMMONDS (1976) have reported that a new component called 'late N-wave' appears following these potentials in thin sections of the olfactory cortex in vitro. They feel that the late N-wave represents a depolarization at the terminals of the LOT fibers which resulted in a presynaptic inhibition.
The purpose of the present experiments was to elucidate the neuronal mechanism for generation of the late N-wave. For this purpose, distribution of the po-tential within the tissue sections, responses of single cortical cells to LOT stimulation and pharmacological properties of the late N-wave were studied. surface of slices of the olfactory cortex (PICKLES and SIMMONDS, 1976) . The first component was a sharp biphasic potential (Fig. 1B4, arrow) reflecting action potentials of LOT fibers (presynaptic potential). The second was a negative wave of about 20 msec duration (N-wave) which represented EPSPs generated synchronously in the distal end of pyramidal cell dendrites (Fig. 1B4, star) . The N-wave was followed by the last component, a negative wave of 30-100 msec duration (late Nwave, Fig. 1B4 , dot). The peak latency of the late N-wave as measured from the stimulus artifact varied from 30 to 60 msec in different experiments. The late Nwave decreased in size as the stimulation frequency was increased and was lost at rates more than once every 45 sec. Occasionally, there were two or three humps on the falling phase of the late N-wave.
Distribution of the late N-wave The distribution of the N-wave and late N-wave on the surface of the olfactory cortex is shown in Fig. 1 Postnatal development of the late N-wave At postnatal 1 day, LOT stimulation failed to induce the N-wave and the late N-wave but elicited only the presynaptic potential, which was about 20 msec in duration ( Fig. 3-1a) . At the 10th day, LOT stimulation could elicit the presynaptic potential and the N-wave which were both similar in time course to those observed in slices from the adult brain. The late N-wave, however, was not yet evoked (record 2). The late N-wave first appeared in ages between 18-25 days (record 3), and was consistently observed thereafter during the ontogenetic development.
When a pair of shocks was given to slices from adult rats at shock intervals of 30-60 msec so that the presynaptic potential elicited by the second shock was superimposed on the late N-wave evoked by the first one, the second presynaptic potential was depressed (record 4b). This was in agreement with the finding of PICKLES and SIMMONDS (1976) . Similarly, shocks were given to the LOT in slices from rats in early stages of development, in which the late N-wave was not induced. The presynaptic potential elicited by the second shock was not depressed at shock intervals of 30-60 msec (record lb). Vol. 28, No. 4, 1978 tentials reversed in polarity and were recorded as positive potentials (Fig . 6B) . On the other hand, the presynaptic potential which was mainly negative in record A (arrow) did not change in polarity after inversion of slices (record B).
In other experiments, potential distribution was observed in deep parts of slices. When a recording microelectrode was inserted into slices from the pial surface, the N-wave and the late N-wave gradually decreased in amplitude. At depths of 0.12-0.15 mm, they reversed in polarity and became positive potentials . With further insertion of the electrode, these positive potentials increased in size and attained the maximal amplitude at depths of 0.25-0.3 mm (Fig. 7A) .
Single cell discharges
There were two groups of neurons which responded to LOT stimulation . The one group (superficial neurons) was found in the superficial layer of slices (0 .05-0.1 mm below the pial surface) in which the slow waves were recorded as negative potentials (Fig. 7B) , and the other (deep neurons) was detected in the layer deeper than the reversal level of the slow waves (about 0.25 mm below the surface) . Most of the deep neurons (36 of 40) discharged at the peak of the N-wave alone. Four of 40 deep neurons, however, generated action potentials at the peak of the late N-wave as well as at the peak of the N-wave (Fig. 7A) . With disappearance of the late N-wave at high stimulation rates or at high temperatures, firing of the neurons during the late N-wave was abolished. 
DISCUSSION
Finding that the terminals of the LOT fibers were depolarized during the late N-wave, PICKLES and SIMMONDS (1976) concluded that the late N-wave represented a depolarization of the LOT fiber terminals. In the present experiments, however, the polarity of the late N-wave reversed when the potential was recorded from the cut surface. Moreover, the late N-wave was recorded as a positive wave in deep layers of the tissue. Reversal of the N-wave and the late N-wave took place at almost the same depth. This means that the late N-wave does not represent a depolarization of the LOT fiber terminals but, as the N-wave, reflects a depolarization at the distal portion of the dendrites of the pyramidal cells. The neurons in deep layers of the tissues (deep neurons) were found to respond not only during the N-wave but also during the late N-wave. This observation rules out the possibility that the positive wave in the deep layer reflected IPSPs therein. Since LOT stimulation activated these neurons with short latencies, they seem to be pyramidal cells (SHEPHERD, 1974) . The fact that they discharged during the late N-wave indicated that they were depolarized during the late N-wave. This is in agreement with the above consideration that the late N-wave represented a depolarization of pyramidal cells. The late N-wave, therefore, does not represent a presynaptic inhibition as presumed by PICKLES and SIMMONDS (1976) , but it does represent recurrent excitation. This discussion, however, does not exclude the presence of presynaptic inhibition as mentioned in the next paragraph.
A tentative schema of the neuron circuit for generation of the late N-wave is presented in Fig. 8 . Arrival of impulses at the terminals of the LOT fibers elicits release of the transmitter which depolarizes the distal portion of the dendrites of the pyramidal cells (neuron group 1). This is reflected as the N-wave in the surface leading. Activation of the pyramidal cells excites, via their axon collaterals and probably interneurons, neuron group 2 which in turn depolarizes the LOT terminals. The depolarization of the LOT terminals has dual effects. On the one hand, it induces a second liberation of the transmitter from the terminals, thereby generating a second depolarization of the distal portion of the pyramidal cell den- drites which is reflected as the late N-wave in the surface leading. On the other hand, the depolarization of the LOT terminals results in a reduction of transmitter release by newly coming volleys to the terminals. This circuit, therefore, has excitatory-inhibitory functions. It is possible that one of these function predominates over the other according to the grade of the depolarization of the terminals. As far as I know, no other report has been available on the circuit in which the terminal depolarization by GABA excites the postsynaptic neurons. PICKLES and SHVIMONDS (1976) also found that GABA antagonists, picrotoxin or bicuculline, suppressed the late N-wave (LEVY and ANDERSON, 1972; HILL et al., 1972; CURTIS et al., 1971) . They considered, therefore, that the depolarization of the LOT terminals is mediated by GABA. According to their notion, the LOT terminals must be sensitive to GABA. In the present experiments, it was really found that the presynaptic potential was suppressed by GABA. The late N-wave was also found to disappear in the Cl-free medium. This observation was in accordance with the GABA mediation, because the actions of GABA are due to an increase in Cl-permeability, and hence lack of Cl-in the medium blocks actions of GABA (KUDO et al., 1975; TAKEUCHI and TAKEUCHI, 1966) . MACDONALD and BARKER (1977) and NICOLL and PADJEN (1976) found that PCN and PTZ antagonized the action of GABA. Their conclusion was substantiated by my observation that the suppressing action of GABA on the presynaptic potential and the N-wave was blocked by these agents. In the present experiments, the late Nwave disappeared completely in the presence of PCN or PTZ. Assuming that these agents were GABA antagonists, this also supports the GABA mediation of the late N-wave. In view of these results, the neuron 2 in Fig. 8 seems to liberate GABA as the transmitter to depolarize the LOT terminals. The lack of the late N-wave in early stages of development may be explained by the absence of function of the circuit including neuron 2. In this stage of development, the LOT terminals seem to be already sensitive to GABA because the presynaptic potential Vol.28, No.4, 1978 tion frequency may be explained by a long refractory period of the circuit of Fig. 8 .
However, I cannot be certain of this point until more is known regarding the interneuron 2.
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